Both land surface models and hydrological models use similar algorithms to describe water movement phenomena such as surface , sub-surface, ground water, etc, at a point. The fundamental difference between two schemes lies in evaporation estimation . Land surface models simulate actual evaporation using the energy balance whereas hydrologic models estimate evapotranspiration from the potential evaporation considering soil and plant properties such as soil moisture variation, leaf area index (LAI), plant root distribution, plant root depth, etc . This paper compares the performance of the land surface model developed at NCAR (LSM) and the hydrological model developed at IIS ,U niversity of Tokyo (IISDHM) against field observations from a hydro-meteorological observations (at 10 minutes interval) in an urban catchment. Both the LSM and IISDHM were able to simulate soil moisture variation adequately. Their long term evaporation estimates agree even though the short term patterns are different.
INTRODUCTION
Recent years have seen the development of numerous land surface models for global climate models. These models provide land-atmosphere exchanges of energy, moisture, and momentum , taking into account differences among vegetation and soil types in energy exchange processes. However, they differ greatly in the processes included in the model and how they parameterize similar processes.
Distributed physically based models give a detailed and potentially more correct description of the hydrologic processes in the catchment than do the other model types. Moreover, they are able to use as much as possible of the information and knowledge that is available concerning the catchment that is being modeled. The geographic information system (GIS) and remote sensing are two major techniques to support this modeling approach.
In this paper we compare the response of two hydrological process models namely Land surface model, Bonan et al., 19941 ) (herein referred as LSM), and Distributed hydrological model, Jha et al., 1997 2) (herein referred as IISDHM) to examine the impact of energy consideration in different physical parameterizations. Both models use similar algorithms to describe water movement phenomena such as surface, sub-surface, ground water, etc. Estimation of evaporation is one of the fundamental differences between two schemes. Algorithm in IISDHM computes the evaporation in the sequence of intercepted water, transpiration from vegetation and evaporation from soil with the potential evaporation as the limiting value. On the other hand LSM considers the energy partition in addition to water availability.
MODEL DISCRIPTIONS
The major similarities and differences between LSM and IISDHM are the following:
(a) Both models use numerical solution to the Richards' equation to calculate infiltration capacity.
(b) Both models calculate soil water flow for a sixlayer soil but in addition LSM calculates soil heat fluxes.
(c) Both models calculate evaporation from soil and transpiration from vegetation but IISDHM calculates actual evaporation from potential evaporation considering soil and plant properties whereas LSM considers both energy and water balance. (Fig. 1 and Fig. 2 show the simple flow chart for two schemes) (d) LSM computes all energy processes including latent heat, sensible heat and ground heat fluxes whereas IISDHM computes all hydrological processes including infiltration, ground water flow, over land flow and subsurface flow. These models are described in more detail as follows: 
Infiltration and Surface Runoff
The liquid water at the soil surface either infiltrates into the soil column qinfl(mm s-1) or is lost as surface runoff qover(mm s-1). Surface runoff is;
Where P is throughfall (mm s-1), Q=qmelt + qsdew (mm s-1) s= relative to saturation, and f is the infiltration (mm s-1) which depends on s. This model consists of four main components; namely interception, surface and river flow, subsurface flow and ground water flow. Spatial distribution of catchment parameters, rainfall input and hydrological response are represented in the horizontal plane by an orthogonal grid network and in the vertical plane by a column of horizontal layers at each grid. Some of the process which are essentially related with this study are described below:
Interception
The interception component calculates net rainfall reaching the ground through the canopy, the amount of water stored on the canopy and evaporation from the canopy. The canopy is considered to have a maximum surface storage capacity Max, which is filled by rainfall and emptied by evaporation and drainage. This capacity may be interpreted, as the minimum depth of water required to wet all canopy surfaces. I is depth of water on the canopy and calculated as. The actual evapotranspiration is calculated on the basis of potential evapotranspiration using actual soil moisture status in root zone, root distribution function and leaf area index (LAI) as other related parameters. The model adopted to calculate actual evaporation is the one described by Kristensen 
MODEL PERFORMANCES (1) Study Area
Hydro meteorological observations (at "Futawa" station) in Ebi river basin, which is located in Chiba prefecture is selected for this study (Fig.3 ) Observations made at 10 minutes interval, from a micro-tower located at Futawa have been used for input data for model applications. Net radiation, air temperature, ground heat flux, relative humidity and wind speed data are used to compute potential evaporation using Kimberly Penman equation as described in Silva et al., (1999) 4). Long wave radiation, relative humidity (to compute specific humidity) and precipitation, are used as input data for LSM. Soil moisture observations by TDR at three depths (0.1, 0.15, 0.25 and 1.0m) and soil temperature at two depths (0.03 and 0.05m) are used for comparison with the model results. The simulation has been carried out with this hydrometeorological station data from 1st June to 10th September 1997 at 10 minutes interval. LSM and IISDHM actual evaporation in the daily scale are plotted against reference crop evaporation, which is used to compute IISDHM actual evaporation in the Fig.6 . With the rainfall input as a reference one can see IISDHM evaporation has high sensitivity to rainfall inputs. LSM daily evaporation and reference crop evaporation daily variation has good scaling relationship though reference crop evaporation is not used directly to estimate LSM evaporation. Fig.7 illustrates the cumulative daily evaporation comparison between models. However the cumulative evaporation is closely following each other irrespective of some peaks at different times. Energy and water based estimates (LSM) has more clear fluctuation similar to the reference crop evaporation (which is again estimated using energy and water based method). In contrast IISDHM results are more close to water availability (rain input).
(5) Components for actual evaporation simulated in IISDHM Fig.8 shows the daily distribution of different components of IISDHM for the entire simulated period. This graph clearly indicates the influence of LAI over the evaporation. Monthly LAI values are 3.5, 3.0, 1.5 and 0.7 for simulated months of June, July, August and September respectively. Transpiration reduces drastically with the reduction of LAI (after 61 days) whereas evaporation from soil remain more or less the same for entire simulated period.
CONCLUSIONS
As can be seen from the results above both Land surface model and Distributed hydrological model can simulate the actual moisture movement with good accuracy close to the observations. LSM simulations for soil temperature are promising as it captures the temperature variation trend adequately.
With the actual evaporation results, one can not say which methodology is closely related to the real world conditions. However it is understood that LSM is more sensitive to heat conditions and moisture from top most layer is taken away during dry periods. In comparison IISDHM is more sensitive to rainfall inputs. These results reveal that combination of both energy and water methodologies would describe the water movement phenomena between land and atmosphere more accurately.
Selecting the appropriate parameterizations such as LAI for both models is very important since simulation results depend on the similar physical description of surface and subsurface properties. These comparisons suggest that future development of models to describe hydrological cycle should pay more attention to the energy component of evapotranspiration process.
